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Rezumat. Sunt afitate avantejele utiléizii coordonatelor
cilindrice la modelarea matemaitia solidificarii pieselor
turnate cu simetrie de rate. In acest caz ansamblul

Abstract. The paper discusses the advantages of utilizing
cylindrical coordinates in the mathematical moaegjlof
the solidification of castings with rotational syretry. In

piesi turnat - forma de turnare este divizat in elemente this case the mould — casting assembly is divided i

inelare. Tn cazul elementelor inelare
solidificare, coeficientul echivalent de conduditbte
termici este influerat de sensul deplad frontului de
solidificare. Tn lucrare se prezintezultatele unui studiu
privind aceagt influentd. De asemenea, s-a studiat
influenta razeisi a grosimii elementelor inelare asupra
acestui coeficient. In final se staltie modul de lucru
pentru realizarea unor modele matematice, cargns
cont de aceste aspecte.
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1. Introducere

Modelarea matematica solidificirii pieselor
turnate in coordonate cilindrice este aplicalii
cazul solidificrii pieselor cu simetrie de rate.

in curs deelementary rings. It is shown that for elementangs

undergoing solidification the equivalent thermal
conductibility coefficient is influenced by the dation of
motion of the solidification front. The paper prete
study results concerning this influence. Furthardgt
concerned the influence of ring radius and thicknes
this coefficient. Eventually a working methodologg/

established for developing mathematical models
considering these aspects.
Key words: casting, simulation, solidification,
mathematical modelling
1. Introduction
Mathematical modelling of castings

solidification in cylindrical coordinates is apdiale
for parts with rotation symmetry. Modelling in

Modelarea in coordonate cilindrice are avantajul c cylindrical coordinates has the advantage of a
numirul celulelor in care este divizat ansamblul smaller number of cells into which the mould —

piesi turnati — formi este mai mic. Ca urmare
durata simurii solidificarii unei piese turnate este
mult mai redus.

La modelarea solidifirii pieselor turnate in
coordonate cilindrice elementele n care este diviz

casting assembly is divided. Consequently the
duration of solidification simulation is significty
shorter.

In cylindrical coordinates modelling of castings
solidification, the mould assembly is divided into

ansamblul formei de turnare sunt inelare (figura 1)ring elements (figure 1). The elements are of equal

Elementele au grosim& si sunt numerotate de la
interior spre exterior cu indicelé”(de lai = 1 la
i =n).

elements

thickness (denoted) and are numbered from the
centre outwards by index™(from i = 1 toi =n).

Figura 1. Divizarea séanii formei Tn elemente finite inelare n cazul
unui model in coordonate cilindrice 1D

Figure 1. Division of the mould cross section intm-shaped finite

in the case of an 1D model in cylindrozadrdinates
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Modelul matematic al solidifizii se bazeax The mathematical model of solidification is

pe ecuda de bilam termic intre celulele vecine: based on the equation of heat balance of
neighbouring cells.
k] _ K
[t} = ot} ®

Aceasi ecuaie exprink egalitatea dintre This equation expresses the equality between
variaia cldurii masice (AQ,k)ma elementului i the variation of the mass he(ﬂQ,k)m of element
intr-un interval de timprt, la momentul g’ si “i” within a time intervak, at time %’ and the heat
caldura (AQ,k)‘r schimbai prin conductibilitate cu (AQ,k)[r exchanged by conductivity with the two
cele dod elemente vecine € 1sii + 1). neighbouring elements £ 1 andi + 1) within the

A same time interval.

In cazul modelului matematic 1D, 1n In the case of the 1D mathematical model in

coordonate cilindrice, adura transmi la cylindrical coordinates, the heat transmitted by
momentul kK’ de elementul i” celor dod elemente element {” at time ‘K’ to the two neighbouring
vecine (situate la interior cu coordonata-“1"sila  elements (located inwards, coordinate-“1", and
exterior cu coordonatai “+ 1”) se calculeaz pe  outwards, coordinate “ 1”) is computed based on
baza schemei din figura 2, prin néda (s-a the schematic of figure 2 by equation (2),
considerat lungimea cilindrului egatu unitatea): considering cylinder length equal to unity:

(Aq")[r = 2n[[tx inti"[ﬁ'ri" —Ti'il)mi_1+ aexq"[ﬁ'ri'f —Ti'il)nri]ﬁ, (2)

Figura 2. Schema transmisigidurii prin conductibilitate intre
elementele inelare in cazul modelului in coordocédiedrice

Figure 2. Schematic of heat transmission by corililitt between ring
elements in the case of the model in cylindricalrdinates

Notaiile au urnitoarele semnificd: The following notations were made:

(AQY, — cildura transmis prin conductibilitate (AQ"), — heat transmitted by thermal conductivity
termica de elementuli” citre elementele vecine; by element i” to the neighbouring elements;

aint® — coeficientul de transfer termic spre celulaaint® — heat transfer coefficient towards the inward
situati la interior (cu coordonatai“— 1) la cell (coordinate = 1) at time K,
momentul K”;

aext“ — coeficientul de transfer termic spre celulacext* — heat transfer coefficient towards the
situati la exterior (T + 1”) la momentul K’ (k este outward cell (f + 1”) at time K”;
coordonata numericde timp);

Til, TX T — temperaturile elementelor « 17, T T T..* — temperatures of elements = 17,
“i”,“i + 1", la momentul K”; “i”,“1+ 1" attime k'

T — intervalul de timp pentru care se face hidn 1t — time interval considered for the heat balance.

termic. The heat transfer coefficientsnt and aext*

Coeficienii de transfer termicoint si aexts depend on the heat transfer coefficient of the
depind de coeficientul de conductibilitate terinic  elements and are computed by equations (3) and
elementelosi se calculeazprin relaiile: (4):

Ak
aintk =%", (3)

aextt = A %
==1,
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unde kki_l,i reprezind coeficientul echivalent de wherexki_lvi is the equivalent thermal conductibility
conductibilitate termig la momentul k, Tntre  between cellsi” and ‘1 — 1" at timek, andxkim is

celulele 1" gi “i — 17, iarkal reprezind coeficientul  the equivalent thermal conductibility between cells
de echivalent de conductibilitate termicla “i” and ‘i + 1" at timek. Coefficientsxki_lvi andk"im
momentulk intre celulele i si “i + 1”. Coeficienii depend on their turn on the instantaneous thermal

A4 si A1 depind, la randul lor, de conductibility of the respective celldf,, 1 and
conductibilitatea termic momentaa a celulelor  2X.,.
respectiver’.1, A si ASs..

O particularitate la modelarea in coordonate A particularity of modelling solidification in
cilindrice a solidificrii cons& Tn aceea&in cazul cylindrical coordinates resides in the fact that fo
celulelor in curs de solidificare (celule neomogenesolidifying cells (non-homogenous cells containing
care corin patial aliaj solidsi patial aliaj lichid)  partly solid and partly liquid alloy) the thermal
coeficientul de condui@ termic depinde de sensul conductibility coefficient depends on the direction
depladgrii frontului de solidificare (de la exterior of motion of the solidification front (inwards or
spre centru sau de la centru spre exterior). Deaace outwards). Hence the development of models
pentru elaborarea unor modele careeprodud cat  accurately representing solidification needs to
mai exact solidificarea trebuie analizateplasarea analyze the displacement of the solidification fron
frontului de solidificare pentru fiecare celdh curs  for each solidifying cell. Then, depending on its
de solidificare. Apoi, in funee de sensul deplasi direction, the equivalent thermal conductibility
acestuia, & se calculeze coeficientul de coefficient of the cell is computed.
conductibilitate termig echivalent al celulei.

2. Scopul luctrii 2. Aim of the paper
Lucrarea are trei obiective: The paper has three objectives:

- s stabileast modul in care se calculgaz - to establish a methodology for the computation of
coeficientul  de  conductibilitate  terndic the equivalent thermal conductibility coefficient
echivalent,tindnd cont de acest aspect (sensul considering this aspect (direction of cell
solidificarii celulelor); solidification)

- S purd Tn evidemi cat de mare este influen - to highlight the degree to that the direction of
sensului de deplasare a frontului de solidificare motion of the solidification front influences the

asupra coeficientului de conductibilitate teringc thermal conductibility coefficient of the
celulelor in curs de solidificare; solidifying cells;

- s arate cum se rezalwoncret aceastproblend - to present a concrete modality for solving this
in cadrul unui model matematic in coordonate problem within a mathematical model in
cilindrice a solidificirii pieselor turnate. cylindrical coordinates of castings solidifications

3. Aspecte privind coeficientul de conduge 3. Aspects concerning the thermal
termica in cazul pieselor cilindrice conductibility coefficient in the case of

La  un moment 7 coeficientul de cylindrical parts

conductibilitate termig al unui element depinde de At any given timery the thermal conductibility

starea lui momentdn (temperatur si fractie de coefficient of an element depends on its

solid). Da@ elementul are temperatufB < Ts,  instantaneous state (temperature and solid frction

atunci A* = s (s - coeficientul de condtie I the element has temperatiié< Tq, then\¥ = Ag
termici a aliajului in stare soli). Daci elementul  (Ag - thermal conductibility coefficient of the alloy
are temperaturd > Ty, atunciA* = Ay (i - in solid state). If the element has temperature
coeficientul de conduie termic a aliajului in stare  T*> T, theni* = Ay (A, - thermal conductibility
lichidd). Daci elementul este in curs de solidificare coefficient of the alloy in liquid state). If the
si are temperaturdig“< T, < T, atunciA* depinde  element is undergoin% solidification and has
de fracia de solid. El are o valoare intermediar temperaturdg“< T¥ < T*, then\* depends on the
intre Ag si Au. In acest caz valoarea acestuisolid fraction. It has a value between those\gf
coeficient se calculeazpe baza releei generale and). In this case this coefficient is computed by
care d coeficientul echivalent de conductibilitate the general relationship for the equivalent thermal
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termici (Aecqv) Tn cazul unor straturi inelare conductibility coefficient Xechy) in the case of

concentrice: concentric ring-shaped layers:
r
In-
Aoy = =0 5
ECHIV i=n 1 ri ! ( )
S
i=1 Ai I’i—l
unde where
ri — reprezint raza exteriodra straturilor, ri — represents the exterior radius of the layers,
ro — raza interiodra stratuluinterior, ro — the interior radius of the interior layer,
I, — raza interiodra stratuluiinterior, iar r, — the interior radius of the interior layer, and
A — coeficientul de conductibilitate terriical A — the thermal conductibility coefficient of the
straturilor respective. respective layers.
In cazul elementelor inelare in curs de In the case of the solidifying ring elements, the

solidificare, conductibilitatea terniicechivalend  equivalent thermal conductibility depends on the
depinde de poa stratului solidificat in raport cu position of the solidified layer in relation to the

cel lichid. Aceasta depinde de ditiecde deplasare liquid one. This depends on the direction of motion
a frontului de solidificare (in sensul rpigarii sau  of the solidification front (that is in the decréap

al maririi razei). or increasing direction of the radius).

Daa frontul de solidificaresi micsorea# raza, If the solidification front is diminishing its
stratul solidificat este plasat spre exteriorulradius, the solidified layer is located towards the
elementului inelar (figura 3a). Aceasta se intdmpl exterior of the ring element (figure 3a). This ascu
atunci cand piesa se solidificde la exterior spre when the part solidifies from the exterior inwards,
interior. Este cazul cel mai des intalnit in praicti  the most frequent case in practice. It occurs @ th
Se intalngte la solidificarea pieselor cilindrice solidification of massive cylindrical castings, of
masive, a pieselor turnate centrifugal, a pieselocentrifugally cast parts, of continuously cast part
turnate continuu sau in zona exterioar peretelui  in the exterior area of the wall of ring-shapedgar
pieselor inelare.

Daci frontul de solidificare si mareste raza, If the solidification front increases its radius,
stratul solidificat este plasat spre interiorul the solidified layer is located towards the inted
elementului (figura 3b). Este cazul zonei inter@ar the element (figure 3b). It is the case of theriote
a peretelui pieselor tubulare cu diametru interiorarea of the wall of tubular parts with large inberi
mare. diameters.

solid

lichid

stratul "i"

Figura 3. Repartizarea zonelor solidificate in edatale inelare la solidificarea pieselor cilindrice
Figure 3. Distribution of the solidified areas retring-shaped elements during solidification dirdrical parts

Daa solidificarea elementuluii® are loc in If the solidification of elementi” takes place
doui sensuri §i de la exteriorsi de la interior) in two directions (inwards and outwards), then the
atunci elementul cuprinde déouzone de solid element includes two solid areas separated by a
separate printr-o zénde lichid (figura 3c). In liquid area (figure 3c). In tubular cylindrical per
piesele cilindrice tubulare aceastsituaie se this situation occurs in a single ring elementisit
intélngte la un singur element inelar. Este cazulthe case of the element located at the contadteof t
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elementului situat la intalnirea celor dofronturi  two solidification fronts. In the case of tubular{s
de solidificare. In cazul pieselor tubulare cuwith large interior diameters, this element is
diametru interior mare, el este situat de obice¢ sp typically located towards the centre of the parli.wa
mijlocul grosimii peretelui piesei. La piesele cu In parts with small interior diameter, the elemint
diametru interior mic, este posibila sfie mai  possibly closer to the interior surface.

apropiat de suprafa interioad.

in figura 3 s-au notat cug, I'g si "y razele In figurerg, I'g andr”g denotes the radii of the
fron'EuriIor de solidificare. solidification fronts.
In cazul cand zona solidificaeste plasatspre If the solidified area is located towards the

exteriorul elementului (figura 3a), raza frontutlé  exterior of the element (figure 3a), the radiughaf
solidificare se calculedzin funaie de fraga de  solidification front is computed in dependence on

solid a elementuluii* (&%) prin relaia: the solid fractiondi*) by equation (6):
rg =\i20-8) +EF 62 ©®)
In cazul cand zona solidificaeste plasatspre If the solidified area is located towards the

interiorul elementului (figura 3b), raza frontulde  interior of the element (figure 3b), the radiustioé
solidificare se calculedazin funaie de fraga de  solidification front is computed in dependence on

solid ") prin relaia: the solid fractiondi*) by equation (7):
rg =2+ -8y ™
Pentru cele trei cazuri din figura 3 coeficientul For the three cases of figure 3 the equivalent

echivalent de conductibilitate terrdia celulelor se thermal conductibility coefficient is computed by
calculeaZ cu relaia (5). Aceasta se adaptéala  equation (5). This is adapted to the three cases as

cele trei cazuri astfel: follows:
» pentru cazul cand zona sdliéste plasatspre > for the case of the solid area located towards the
exterior (figura 3a) retta este: exterior (figure 3a) the equation is:
In——
/‘k — I"i—l . (8)
i = ]
1. 1 I
—In—=-+=—In—*

/1 Li r‘i -1 ASi r‘Si

» pentru cazul cand zona sdliéste plasatspre > for the case of the solid area located towards the
interior (figura 3b) relga este: interior (figure 3b) the equation is:

1 1 ’ (9)

» pentru cazul cand solidificarea are lgcla > for the case when solidification occurs at both

exteriorsi la interior iar formandu-se déwzone exterior and interior generating two solid areas
de solid (figura 3c) reta este: (figure 3c) the equation is:
r
In—
Ak — I"i—l (10)
i - .
1 14 1 5,1 1
—In=+—InS+=In"
ASi ri—l Li ré S rS
Notatiile au semnificdile precizate mai sus. The notations are those detailed above.
Realizarea unor modele matematigea unor Development of accurate mathematical models

programe de simulare a solidii@ exacte careds and solidification simulation programmes that
aibi tina cont de deplasarea frontului de solidificareaccount for the displacement of the solidification
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in cadrul unei celule necesib analizZ a modului  front within a cell calls for analysis of solidifition
cum se deggoar solidificarea fiedrei celule din  of each cell of the part assembly. For this reason
ansamblul piesei. De aceea, in general, modelelmathematical models of cylindrical castings
matematice ale solidificii pieselor cilindrice  solidification typically utilize a mean value ofeh
utilizeazi o valoare medie a coeficientului de equivalent thermal conductibility coefficient ofeth
conductibilitate echivaleiita celulelor in curs de solidifying cells or utilize the equation
solidificare sau utilizea@z relgia de calcul pentru corresponding to the case presented in figuret3a. |
situgia din figura 3a. Se are in vederearest caz has to be considered that this is the most frequent
este cel mai des intalnit in practica #in Daca  encountered case in foundry practice. If the
intre conductibilitatea termica unui aliaj in stare difference between the thermal conductivity of an
solidd si Tn stare lichid nu este o diferea mare, alloy in solid and liquid state is small, these
aceste ipoteze nu introduc erori mari. Ddosi  hypotheses are unlikely to cause significant errors
diferena este mare, pentru calcule exacte estdf, however, the difference is great, accurate
necesar&setina cont de sensul depkas frontului computation requires taking into account the
de solidificare. La unele aliaje intre coeficientid  direction of solidification front motion. Certain
condugie in stare solid@si lichida exist diferete  alloys display great differences between the
mari. De exemplu, Tn cazul fontelor cegiu conductibility coefficient in solid and liquid seat
conductibilitatea Tn stare solicesters = 40 W/mK, For example in grey cast irons solid state
iar In stare lichid este A, = 30W/mK. Studiul conductibility ishs = 40 W/mK, and in liquid state
efectuatsi rezultatele prezentate in acaéakicrare A = 30W/mK. The conducted study and results
au urndrit sa clarifice aceadt probleni legat de  presented in this paper are aimed at clarifying thi
calculul coeficientului echivalent de condiec problem of computing the equivalent thermal
termic al celulelor in curs de solidificare Tn cazul conductibility coefficient of solidifying cells ithe
modefirii matematice n coordonate cilindrice a case of mathematical modelling in cylindrical

solidificarii. coordinates of solidification.
4. Mod de lucru 4. Working methodology
Pentru a verifica in ce &su@ grosimeasi A concrete applicative study was carried out in

pozitia zonei solidificate (langcercul exterior sau order to establish the extent to that thickness and
langi cercul interior), Tn cazul unui element inelar, position of the solidified area (near the exteor
influenteazn coeficientul echivalent de conduc- interior circle) of one ring element influence its
tibilitate termic@ al elementului, s-a efectuat un equivalent thermal conductibility coefficient. The
studiu aplicat concret. Studiul s-a realizat pentrustudy was conducted on a grey cast iron cylindrical
cazul unei piese cilindrice turriatdlin fon& cenyie.  part, considering a ring element resulted upon
S-a considerat un element inelar rezultat dindivision of the part in view of solidification
divizarea piesei in vederea matél solidificarii. modelling. Element thickness s = 16 mm, the
Elementul are grosime& = 16 mm, raza interioar interior radiusr;; = 50 mm and the exterior radius
ri.. = 50mmgi raza exteriodrr; = 66 mm. Fragade r; = 66 mm. The solid fraction varied between
solid s-a modificat intr&* = Osi £ = 1. E¥=0and = 1.

S-au analizat daucazuri: a) cand solidificarea Two cases were analyzed: a) solidification
incepe de la exterior spre centru ineluuh) cand  starting from the exterior inwards, towards the
solidificarea Tncepe de la cercul interior al ieiu centre of the ring, and b) solidification starterfr

the interior circle of the ring;

Coeficientul de conductibilitate terniic al The thermal conductibility coefficient of grey
fontei cengii Tn stare solid s-a considerat castiron was assumégd = 40W/mK in solid state,
Ag = 40W/mK, iar Tn stare lichidh,; = 30W/mK. andiy; = 30W/mK in liquid state.

S-a calculat coeficientul de condigctermic Equations (8) and (9) were used to compute the

in cu relaile (8) si (9). De asemenea s-a calculat thermal conductibility coefficient. Further calcidd
diferena absolut Al si relativa (Al)e Tntre by equations (11) and (12) were the absolute
valorile ohinute Tn cele dou cazuri. S-au utilizat difference A\ and the relative differenceAXi) e
relaiile: between the values obtained in the two cases.

A)\i =)\Ii —)\i , (11)
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(BA;), gy =1000; ~A; )/ (12)

unde ; este coeficientul de condig termic in

cazul cand zona solidificat este plasat spre
exteriorul inelului (figura 3a), iak’'; este coeficientul
de condutie termic in cazul cand zona solidificat
este plasatlang cercul interior al inelului (figura
3b). Rezultatele sunt date Tn tabelul 1.

where }; is the thermal conductibility coefficient
when the solidified area is located towards the
exterior of the ring (figure 3a), and; is the thermal
conductibility coefficient when the solidified area
located next to the interior circle of the ringg(ire
3b). Results are given in table 1.

Tabelul 1. Rezultate privind influga poziiei fragiei de solid asupra coeficientului de conl@@chivalent
n cazul solidifi@rii unei celule inelare din foat(r;; = 50 mm,; = 66 mmahg = 40 W/mK,;; = 30 W/mK)
Table 1. Results concerning the influence of sfsdtion position on the equivalent thermal condhility coefficient

in the case of a cast iron ring cell undergoingd#odation (r

.1 =50 mmJ; = 66 mm\g = 40 W/mK,A; = 30 W/mK)

&ki I's A rs Ny AN 100‘A7\.,/7\.’ i

No. - mm W/mK mm W/mK W/mK %

1 0 66 30 50 30 0 0

2 0.125 | 64.2184 30.7579 52.2685 31.2485 0.4906 99.56
3 0.25 62.3859 31.6026 54.442p 32.4905 0.8879 2932
4 0.375 | 60.4979 32.5515 56.5332 33.7299 1.1784 38319
5 0.5 58.5491 33.6273 58.5491 34.970b 1.3432 38409
6 0.625 | 56.5332 34.8601 60.4979 36.2151 1.355 3341
7 0.75 54.4426 36.2910 62.3850 37.466[7 1.1757 2816
8 0.875 | 52.2685 37.9769 64.2184 38.7276 0.7507 8413
9 1 50 40 66 40 0 0

Rezultatele prezentate in tabelul 1 arat The results of presented in table 1 allow the

urmatoarele:

- conductibilitatea termic echivalent calculat n

following considerations:

cazul cand zona soldeste plasétla exterior

este mai mig;

- diferena ntre valorile calculate in cele docazuri

este maxira cand frada de solid esté"i =0,5;

smaller;

- equivalent thermal conductibility computed in the
case of the solid area located at the exterior is

- the difference between the values computed in the

two cases s maxim for a solid fractionﬁbf =0.5;

- the relative difference between the two values of
the conductibility coefficient (the solid area bgin
at the exterior and interior, respectively) is
relatively small, below 3.85% (this values is valid
for the analyzed case only — grey cast iron cell of

- diferenra relatid intre cele valori ale
coeficientului de condue (zona solid la
exteriorsi respectiv la interior) este relativ ndjc
sub 3,85% (aceastvaloare este valaBilnumai
pentru cazul analizat — cefuldin fon& cu
dimensiunile date mai sus). the above indicated dimensions).

in continuare studiul s-a extins pentru analiza  The study was further expanded to the analysis
influentei grosimii si a diametrului elementelor of thickness and diameter of the ring elements on
inelare asupra valorii coeficientului echivalent dethe value of the equivalent thermal conductibility
condugie termi@. Pentru aceasta s-a modificat coefficient. For this element radii and thickness
razele si grosimea elementelor. S-a modificat were modified. Ring element thickness was
grosimea elementelor inelare inthe = 2 mm si modified betweemA = 2 mm andA = 16 mm, and

A = 16 mm, iar raza interioqira elementelor intre the radius between.; =5 mm and;.; = 200 mm.

ri.p =5 mmsi rip = 200 mm. Calculele s-au efectuat Computations were conducted for a ring cell of

pentru cazul unei celule inelare cu fiacde solid &< = 0.5 solid fraction. This value was selectednas i

£k = 0,5. S-a ales aceastaloare deoarece n acest this case the position of the solid area within the

caz podzia zonei solide in interiorul elementelor are elements has the greatest influence on the
influenta cea mai mare asupra coeficientuluiequivalent thermal conductibility coefficient.
echivalent de conductibilitate. Related to the position of the solid area three
Din punct de vedere al podi zonei solide s- cases were analyzed: 1°) solidification from the
au analizat trei cazuri de solidificare: 1°) sdicdire  exterior, 2°) solidification from the interior, and
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de la exterior, 2°) solidificare de la interigsi  3°) simultaneous solidification from the interiorda
39 solidificare simultah de la interiorsi de la  from the exterior. Results are given in tables & an
exterior. Rezultatele sunt date in tabele{e2 3.

Tabelul 2 Rezultate privind influgan grosimii elementelor inelare asupra coeficientetihivalent de conductibilitate al
elementelor inelare in curs de solidificare

Table 2. Results concerning the influence of rilegreent thickness on the equivalent thermal condilieyi coefficient
in ring elements undergoing solidification

- M1 M1 A Isi Isi Asi AL Ai
No. - mm mm mm mm mm
1 | exterior, | g 52 2 51.0098 - 40 30 34.1900
fig. 3a
o | exterior, | o, 58 8 54.1479 - 40 30 33.9274
fig. 3a
3 | exterior, | o, 66 16 58.5491 - 40 30 33.6273
fig. 3a
4 | 'nterior, o 52 2 51.0098 - 40 30 34.3820
fig. 3b
5 | Interior, | o, 58 8 54.1479 - 40 30 34.6517
fig. 3b
6 '][‘i;ergog' 50 66 16 58.5491 - 40 30 34.9705
7 eﬁtg"“g”é" 50 52 2 515073 | 505074 40 30|  34.2874
8 eﬁg“g”;" 50 58 8 56.1070 | 52.1153 40 30 34.3127
9 eﬁg“;é" 50 66 16 62.3859 | 54.4428 40 30,  34.3785
S-a considerat fraia de solid total §* = 0,5 (In cazul 3c, fram de solid s-a considerat repartizagal in cele dau
zone £¥) = (&)= (&¥)/2 = 0,25.
The total solid fraction was assumgti= 0.5 (In case 3c, the solid fraction was congidezqually distributed between
the two areass()' = (§%)"= (§%)/2 = 0.25.

Tabelul 3 Influerra diametrului elementelor finite inelare asupraficeantului echivalent de conductibilitate terraic
la celule in curs de solidificare
Table 3. Influence of finite ring element diameaterthe equivalent thermal conductibility coeffidien
in cells undergoing solidification

- fiq i1 A I Asi AL Ai

No. - mm mm mm mm

1 | exterior, 50 66 16 58.5491 40 30 33.6273

fig. 3a

2 efT;er:'g’ 100 116 16 108.2959 40 30 33.9273

3 ef)i‘;eg‘;r’ 200 216 16 208.1538 40 30 34.0984
S-a considerat fraia de solid total £%=0,5.
The total solid fraction was assumg0.5.

Rezultatele din tabelele 2si 3 arat The results given in tables 2 and 3 reveal the
urmatoarele: following:

- cresterea grosimii inelelorX) determid o crgtere - increase of ring thicknessA) causes a slight
usoati a coeficientului echivalent de conductibi- increase of the equivalent thermal conductibility
litate termid, coefficient,

- cresterea razei elementelor deterfhigresterea - increase of element radius causes a slight iserea
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usoan a coeficientului de conductibilitate, of the thermal conductibility coefficient,

- influenta variaiei grosimii si a razei elementelor - variation of element thickness and radius are of
este redus small influence;

- valoarea coeficientului echivalent de conductibi-- in all cases the value of the ring element
litate a elementelor inelare este aprapiattoate equivalent thermal conductibility coefficient is
cazurile de valoarea medie armanidntre close to the harmonic mean of liquid and solid
conductibilitatea Tn stare lichid si solida, conductibility (value valid for a plane element of

(valoare care este valabpentru un element plan (£%) = 0.5 solid fraction).
cu fragie de solid & = 0,5).

5 Concluzii 5. Conclusions

Modelarea solidifigrii pieselor cu simetrie de Modelling in cylindrical coordinates of the
rotaie Tn coordonate cilindrice prezinmai multe  solidification of castings with rotational symmetry
avantaje: has two advantages:

- elementele finite (inelare) in care este divizat- the (ring-shaped) finite elements into which the
ansamblul formei reproduc fidel geometria piesei; mould assembly is divided accurately reproduce
part geometry.

solidificarea pieselor cilindrice cu lungime mare - solidification of long cylindrical parts can be

se poate reproduce prin modele 1D, iar a pieselor reproduced by 1D models, while that of patterned

fasonate prin modele 2D; parts by 2D models;

- numirul de calcule este mai mic, iar durata- this significantly reduces computational volume
simularii unui proces de solidificare se reduce and simulation duration of a solidification

considerabil; process;

- coeficientul echivalent de conductibilitate tecini - the equivalent thermal conductibility coefficiesft
a elementelor inelare, este inflegn de the ring elements is influenced by element
dimensiunilor elementelogi de poziia zonei dimensions and solid area position within the
solide n interiorul inelului; ring;

- cazul cel mai des intalnit Tn practica solidific - the most frequently occurring case in castings
pieselor turnate este cand solidificarea se solidification practice is that of solidification
desfisoan de la exterior spre interior; taking place from the exterior inwards;

- pentru o modelare cat mai exae solidificarii - for an accurate modelling of solidification

este necesar ca la calculul coeficientului computation of the equivalent thermal
echivalent de condtie termia a elementelor conductibility coefficient of the ring elements

inelare & se tina cont de sensul deplkas needs to consider these aspects and particularly
frontului de solidificare; the displacement of the solidification front;

- pentru modele simplificate coeficientul mediu de- in simplified models the mean conductibility
condugie se poate calcula prin r@kn (8) (relaie coefficient can be computed by equation (8) -
valabili pentru cand zona sofideste plasétla valid for the most frequent cases, when the solid
exteriorul celulei, cazul cel mai intalnit). area is located at the exterior of the cell.

Pentru realizarea unor modaiesofturi care & In order to develop models and software that

tina cont de modul cum se dégbai solidificarea  consider the specifics of element solidificatiome t
elementelor, se pune problema stabilirii pezi position of the liquid area within each element
zonei solide (la exterior, la interior, combinat la needs to be established (exterior, interior, comtbin
exterior si la interior) in cadrul fiefrui element. exterior and interior). This is required for usitg
Aceasta este necesar pentru a calcula coeficientadequate equation in calculating the equivalent
echivalent de conductibilitate terrdial elementelor thermal conductibility coefficient of solidifying
in curs de solidificare cu rela adecvat elements.

In continuare se prezinmodul de lucru pentru Further the solving methodology of this
rezolvarea acestei probleme in cazul solidific problem for the solidification of eutectic alloys i
aligjelor eutectice. Temperatura elementului aatliz presented. The temperature of the analyzed
in curs de solidificarei® (figura 2) se compar solidifying elementi” (figure 2) is compared to the
temperatura acestui element cu temperaturiléemperatures of the neighbouring elements
elementelor vecine (elementeie~1"si “i + 17). (elementsi'—1"and 1+ 1").
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- daa temperatura elementului analizat in curs de- if the temperature of the analyzed solidifying

solidificare este T = Tg, iar temperaturile element isT = Tq, and the temperatures of the
elementelor vecine sufft, < Tg si T = Tg, neighbouring elements ard;,* < Tg and
atunci solidificarea se degbari de la exterior T.. > Tg, then solidification occurs from the
spre interior (figura 3a). In acest caz coeficientu exterior inwards (figure 3a). In this case the
echivalent de condtie termic se calculeazcu equivalent thermal conductibility coefficient is
relgia (8). computed by equation (8).

- daa@ temperatura elementului analizat in curs de- if the temperature of the analyzed solidifying
solidificare este TX = Tg, iar temperaturile element isTX = Tq, and the temperatures of the
elementelor vecine suft,, = Tq si Ti.* < Tg, neighbouring elements ard;,* = Ty and
atunci solidificarea se degbari de la interior T..X < Tg, then solidification occurs from the
spre exterior (figura 3b). In acest caz coeficientu interior outwards (figure 3b). In this case the
echivalent de condtie termic se calculeazcu equivalent thermal conductibility coefficient is
relaia (9). computed by equation (9).

- daa temperatura elementului analizat in curs de- if the temperature of the analyzed solidifying
solidificare este TX = Tg, iar temperaturile element isTX = Tq, and the temperatures of the

elementelor vecine sufft, < Tg si Ti.“ < Tg, neighbouring elements ard;.* < Tg and
atunci solidificarea se deasbai n ambele T..X < Tg, then solidification occurs in both
sensuri (figura 3c). In acest caz coeficientul directions (figure 3c). In this case the equivalent
echivalent de condtie termic se calculeazcu thermal conductibility coefficient is computed by
relaia (10). equation (10).
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